A B S T R A C T The influence of fatty acids on ileal absorption of water, electrolytes, glucose, and taurocholate was examined in Thiry-Vella fistulas in five mongrel dogs. Fatty acid absorption also was measured. Segments of terminal ileum were perfused at steady state with isotonic electrolyte solutions containing 11.2 mM glucose, 4.5 mM taurocholate, and 0.1-5.0 mM fatty acid. Three Cis fatty acids, oleic acid, 10(9)-hydroxystearic acid, and ricinoleic acid, completely inhibited water absorption at 5 mM. Sodium, chloride, and potassium absorptions were inhibited in parallel with absorption of water. Differences between the potencies of Cis fatty acids were apparent when lesser concentrations were perfused. Dodecanoic and decanoic acids were as effective as Cms fatty acids at 5 mM but octanoic and hexanoic acids were ineffective. The polar group of C1 fatty acids was modified by conjugating oleic and ricinoleic acids with taurine. When these compounds and a substituted C1o fatty acid, p-n-decylbenzenesulfonate, were perfused, water absorption was also inhibited. Short-chain fatty acids (C3 and C4) and their hydroxylated derivatives were ineffective at 5 mM. When water absorption was inhibited, absorption of glucose and taurocholate was decreased. We speculate that the phenomenon of inhibition of water and electrolyte absorption by fatty acids may be relevant to steatorrhea and diarrhea in man.
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INTRODUCTION
In steatorrhea, the ileum and colon are exposed to excess quantities of fatty acids. Long-chain fatty acids impair electrolyte and water absorption in the colon (1) ,' and this effect is thought to contribute to the diarrhea that can accompany steatorrhea (2) . Oleic acid (A"10 octadecenoic acid) and ricinoleic acid (12-hydroxy-A" 10-octadecenoic acid, the active principle of castor oil) also modify water transport in the human jejunum (3), where they can provoke fluid secretion, suggesting that modification of intestinal water transport may be a general characteristic of long-chain fatty acids. However, the influence of fatty acids on ileal absorption and the secretory properties of medium-and short-chain fatty acids have not been reported.
The molecular characteristics necessary for a fatty acid to inhibit water absorption are not known. Hydroxylated fatty acids have been implicated specifically in diarrhea, mainly on the basis of chemical similarities between ricinoleic acid and the major hydroxy fatty acid of steatorrheal stools, 10-hydroxystearic acid (4). However, in the human jejunum, oleic and ricinoleic acids have comparable effects on water absorption (3).
Here we describe the influence of fatty acids on ileal absorption in chronic canine Thiry-Vella fistulas. Longchain fatty acids inhibited electrolyte and water absorption in this model. In association with decreased water absorption, absorptions of glucose and taurocholate were decreased. The influence of fatty acid chain length, hydroxylation, and conjugation (with taurine) on the inhibition of ileal water absorption was also evaluated.
1Ammon, H. V., and S. F. Phillips 1 . The experiments were con-internal standard, and were measured by gas chromatog1r light anesthesia with pento-raphy of their methyl esters. Dodecanoic acid was analyzed iheters (16 F) were placed in in a similar way with tridecanoic acid as internal standard. here perfused at37w C and 2. standard. Samples (1 ml) were mixed with 1 ml of a 5 mM methanolic solution of the internal standard, and 6 ml of 2.67 N sodium hydroxide in methanol was added, resulting in a final NaOH concentration of 2 M. After vigorous saponification (16 h, 1150C) in a nickel bomb (Parr Instrument Co., Moline, Ill.), 2 ml of the hydrolysate was acidified with hydrochloric acid and extracted (9) into 9 ml of toluene-ethanol (2:1). Aliquots (4 ml) of the upper phase were evaporated and methylated with diazomethane. The methyl esters were measured by gas chromatography.
The methyl esters of fatty acids were chromatograplhed on 4.3%o OV 17 (Applied Science Labs, Inc.) in a 183-cm column. Column temperature was 210'C for the C1u fatty acids, 120'C for the C1, compound, and 110VC for the C. and C10 compounds.
Calculations and statistical analysis. Net absorptions of water in milliliters per minute, electrolytes in microequivalents per minute, and fatty acids, glucose, and taurocholate in micromoles per minute by the entire loop were calculated, relative to changes. in the concentration of PEG, by using standard formulas. For statistical analysis we used paired t tests and Dunnett's test for multiple comparisons (11) . Linear regressions were calculated by the method of least squares. To permit comparison between studies on different days, mean water absorption during each control period was designated as 100% absorption, and zero net water movement was designated as 100% inhibition of absorption. Since the magnitude of net fluid secretion induced in these studies was usually small, secretion was also designated as 100% inhibition. This analysis facilitated comparisons between individual experiments but has no implications as to the mechanism by which net fluid movement is altered. Effect of C1. fatty acids on water absorption. At 5 mM concentration, the three Cu. fatty acids inhibited water absorption completely and usually induced water secretion (Table II) . The change induced by 10(9)-hydroxystearic acid was slightly but significantly (P < 0.05) less than that induced by oleic or ricinoleic acid. However, this difference may be due to lower control water absorption values during experiments in which 10(9) -hydroxystearic acid was used (P < 0.05). No differences between the three fatty acids could be detected at 2 mM concentration. At 1 mM, ricinoleic acid was significantly more potent than oleic acid (P < 0.05). The effect of 1 mM 10(9)-hydroxystearic acid was intermediate and did not differ significantly from that of either. ricinoleic or oleic acid.
Effect of medium-and short-chain fatty acids. The effects of medium-and short-chain fatty acids were measured at 5 mM concentrations only (Table III) . Dodecanoic acid (C1a) inhibited water absorption completely and usually induced secretion; decanoic acid (Cio) inhibited water absorption significantly (P < 0.001). The changes induced by octanoic acid (Cs) and fatty acids of lesser chain-length were not significant. Two hydroxylated short-chain fatty acids, Y-hydroxybutyric acid and lactic acid, had no effect.
Inhibition of Heal Water Absorption by Intraluminal Fatty Acids
The anionic detergent, p-n-decylbenzenesulfonate, at 5 mM also inhibited water absorption.
Effect of taurine-conjugated C18 fatty acids. To determine whether the presence of a carboxyl group is necessary for the secretory effect of Cis fatty acids, oleyltaurine and ricinoleyltaurine were tested at 5 mM. Both inhibited water absorption to the same degree as did the parent compounds (Table III) Water movement correlated well with the movement of glucose (r = 0.784) and bile acids (r= 0.714). The closest correlation, however, was observed between the movements of taurocholate and glucose (r = 0.918).
Absorption of fatty acids. Among the Cis fatty acids, oleic acid was best absorbed and ricinoleic acid was least absorbed (Table IV) . The differences between thie absorption rates of the three C1s fatty acids were significant (P < 0.01). Medium-chain fatty acids were more rapidly absorbed. (3),' but the present model permitted a large number of compounds to be tested in the ileum, a segment of intestine not easily accessible in man. These isolated loops were a suitable model in that control water absorption was stable for more than 3 h and most loops maintained their absorptive capacity for 8 mo. However, control absorption varied between animals and from day to day, so it was necessary to use each animal as its own control in every experiment. Because changes in water absorption induced by 5 mM fatty acids lasted for up to 90 min, our design required that control perfusions be followed by test perfusions.
As judged by recovery rates, PEG was a valid nonabsorbable marker for the model. The small but statistically significant increase in PEG recovery during perfusion with fatty acids may have been due to changes in intestinal transit which, however, were not measured. (Fig. 2) , a range of activity is seen. Two influences of decreasing chain length can be predicted, both of which should reduce secretory potential. When perfused at the same concentrations, medium-chain fatty acids were less potent than long-chain compounds and, because they are absorbed more rapidly than Cis fatty acids, their intraluminal concentration is lower. Thus, even Cs and C. compounds might have decreased water absorption if perfused at higher concentrations; however, 40 mM hexanoic acid does not produce water secretion in the jejunum (12) .
Short-chain fatty acids are produced in the distal intestine by bacterial fermentation of carbohydrates (13) . They are less well absorbed than medium-chain fatty acids (14) . They have a low pK and, at the pH of the distal bowel, they should be mainly ionized. In addition, the fraction that is un-ionized should traverse lipid cell membranes more slowly than higher fatty acids, which have greater lipid solubility. They have been implicated in osmotic diarrhea (2, 15), but in low concentrations (5 mM), the compounds tested here had no specific effects on water absorption comparable to those of long-chain fatty acids.
When oleic and ricinoleic acids are conjugated with taurine, the polar end becomes a sulfonate rather than a carboxylate group. Furthermore, in p-n-decylbenzenesulfonate, a benzene ring is positioned close to the sulfonate polar end and the constituent fatty acid is CGo. (20) . Thus, ricinoleic acid, which contains both a double bond and a hydroxyl group, was absorbed less well than either hydroxystearic or oleic acid.
Clinical significance. Together with earlier observations, the present results indicate that long-chain fatty acids can influence fluid transport in the entire gut. This phenomenon can be related to two common clinical circumstances: the cathartic effect of castor oil, and the increased fecal water excretion in steatorrhea.
When in health the intestine is exposed to a poorly absorbed fatty acid such as ricinoleic acid or when in disease the intestine is exposed to unabsorbed dietary fatty acids, water absorption in the jejunum and ileum should be impaired. The result will be an increased fluid load to the colon which may produce diarrhea, if the absorptive potential of the colon is exceeded. In addition, fatty acids decrease the capacity of the colon to absorb water (1) .' Bacterial transformation (21) of oleic acid to 10-hydroxystearic acid may enhance the Inhibition of Real Water Absorption by Intraluminal Fatty Acids "cathartic effect" of fatty acids in the colon but this conversion does not appear to be a prerequisite (1) .' In fact, hydration of the double bond of oleic acid in this process should decrease the aqueous solubility of the fatty acid. The physical state and concentration of the fatty acids in the intestine should be decisive because presumably they must be in the aqueous phase to block water absorption. Solubility may be influenced by other factors, including pH and presence of calcium ions and bile acids in the lumen. Intraluminal concentrations of fatty acids in the ileum in steatorrheal diseases have not been reported. In a recent abstract, concentrations of fatty acids in the aqueous phase of steatorrheal stools were measured and were found to be above those used in the present studies; however, stool fatty acid concentration could not be related to the presence or absence of diarrhea (22) . The relationships between fecal concentrations of fatty acids and concentrations in the intestinal lumen are uncertain.
The possibility that water secretion, induced by fatty acids, might induce secondary malabsorption of other substances warrants further study. Glucose and bile acid absorption was reduced here; in the human jejunum,3 fatty acid-induced water secretion impaired absorption of glucose, xylose, L-leucine, L-lysine, and folic acid. This phenomenon might be nonspecific, because the absorption of all compounds showed similar declines, and the effect was rapidly reversible.
